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Abstract  Febrile  pain  in  the  right  iliac  fossa  is  one  of  the  most  common  reasons  for  con-
sulting at  an  emergency  service.  Within  this  framework,  the  main  diagnosis  that  is  considered
is appendicitis,  the  main  complication  of  which  is  perforation.  However,  a  certain  number  of
other conditions  can  be  responsible  for  this  clinical  picture,  primarily  including  digestive  tract
and mesentery  disorders  including  mesenteric  lymphadenitis,  Crohn’s  disease,  infectious  ente-
rocolitis, small  intestine  or  colonic  diverticulitis,  ischaemic  colitis  or  cancer  of  the  caecum.
This article  illustrates  the  imaging  semiology  of  the  various  right  colonic,  iliac,  mesenteric  and
appendicular  conditions  that  could  potentially  cause  an  infection  of  the  right  iliac  fossa.  It  spec-
iﬁes the  indications  of  ultrasound  and  CT  scans,  respectively,  which  depend  on  the  age  of  the
patient and  the  clinical  signs  and  symptoms.  Though  the  CT  scan  is  commonly  used  in  abdom-
inal emergencies  in  general,  and  particularly  in  clinical  pictures  of  infection  of  the  right  iliac
fossa, ultrasound  remains  recommended  as  ﬁrst  line  imaging  when  confronted  with  suspected
appendicitis  or  lymphadenitis  in  a  young  subject  or  in  the  monitoring  of  Crohn’s  disease.
© 2012  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
Infections  of  the  right  iliac  fossa  are  a  very  common  cause  of  consultation  at  an  emergency
room.  Their  signs  and  symptoms  include  pain  that  is  typically  located  in  the  right  iliac  fossa,
but  is  sometimes  more  diffuse,  and  fever.  Pain  in  the  right  iliac  fossa  is  the  primary  location
of  febrile  abdominal  pain.  While  a  clinical  picture  of  abdominal  pain  in  the  right  iliac  fossa
is  not  necessarily  an  indication  for  imaging,  the  presence  of  a  true  infectious  syndrome,
i.e.  conﬁrmed  by  fever  and/or  laboratory  test  signs  (increased  white  blood  cells  and  CRP
levels),  should  lead  in  all  cases  to  an  imaging  examination.  The  imaging  examinations  that
are  suggested  are  ultrasound  and  CT  scan.  Ultrasound  should  be  preferred  in  children,
pregnant  women  and  more  generally  in  young  patients,  with  use  that  should  be  more
extensive  of  the  endovaginal  route  in  women  when  the  appendix  cannot  be  visualized  via
the  transparietal  route  in  order  to  look  for  a  pelvic  appendix.  CT  scans  are  more  often
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Despite  the  high  sensitivities  and  speciﬁcities  of  ultrasound42  
sed  in  ﬁrst  line  imaging  for  clinical  pictures  that  have  pro-
ressed  or  are  more  diffuse,  or  in  elderly  subjects.  It  is  also
erformed  in  second  line  imaging  if  the  ultrasound  is  not  suc-
essful.  The  constraints  for  performing  the  scan  for  pain  in
he  right  iliac  fossa  have  been  well  codiﬁed  recently  by  Zins
1]  by  answering  the  following  questions:  is  an  injection  nec-
ssary?  What  is  the  interest  today  of  a  scan  focused  on  the
ight  iliac  fossa  and  in  particular  on  the  appendix?  Is  oral  or
ectal  opaciﬁcation  necessary?  Is  the  ‘‘low  dose’’  scan  valid
n  this  indication?  What  cut  thickness  and  what  reading  tech-
ique  is  recommended?  In  our  department,  scans  are  carried
ut  automatically  with  injection  of  a  contrast  medium  dur-
ng  the  portal  phase  without  digestive  opaciﬁcation.  The
uts  concern  both  the  abdomen  and  pelvis  and  are  always
nalysed  axially  and  coronally  with  cuts  reconstructed  in
.5  mm  thickness  and  with  the  possibility  of  accessing  mil-
imetric  cuts  if  there  is  the  shadow  of  a  doubt  to  increase
patial  resolution.  The  plain  survey  of  the  abdomen  is  no
onger  indicated  in  a  clinical  picture  of  infection  of  the  right
liac  fossa  in  general  and  in  the  diagnosis  of  appendicitis
n  particular,  and  this  has  been  formally  stated  in  a  recent
eport  of  the  French  National  Authority  for  Health  [2].  In
ractice,  MRI  has  very  limited  use  in  this  indication,  and
s  reserved  for  when  ultrasound  is  not  successful  in  preg-
ant  women.  Painful  septic  clinical  pictures  of  the  right  iliac
ossa  can  be  related  to  digestive  diseases,  but  also  urinary
iseases  (acute  pyelonephritis,  complicated  renal  infarc-
ion)  or  gynaecological  diseases  (salpingitis,  tubal-ovarian
bscess,  complicated  ovarian  torsion).  In  this  article,  only
he  digestive  causes  of  septic  clinical  pictures  of  the  right
liac  fossa  will  be  discussed.  Of  these  causes,  the  ﬁrst  to
e  mentioned  is  acute  appendicitis,  which  accounts  for
ore  than  one  quarter  of  non-traumatic  acute  abdominal
ain  resulting  in  hospitalization  in  a  surgical  department,
nd  approximately  40  to  50%  of  abdominal  surgical  proce-
ures  carried  out  urgently.  An  infectious  syndrome  can  be
issing  from  a  case  of  appendicitis  and  a  normal  number
f  white  blood  cells  and  normal  CRP  levels  do  not  make
t  possible  to  rule  out  this  diagnosis  [3].  However,  a  high
emperature  and  hyperleukocytosis  with  polynuclear  neu-
rophils  are  worth  four  points  out  of  ten  in  the  classic
lvarado  score,  which  is  a  clinical/biological  score  for  the
rediction  of  appendicitis,  and  the  extent  of  the  elevation
n  CRP  levels  is  a  marker  of  the  severity  of  appendicitis  that
an  potentially  be  useful  in  predicting  perforation  of  the
ppendix  [4].
cute appendicitis
emiology of simple acute appendicitis
ltrasound  examinations  (Fig.  1),  like  CT  scans,  screen  for
ppendicular  and  extra-appendicular  signs.
ppendicular  signs
he  appendix  is  dilated,  measuring  more  than  6  mm  in
iameter  on  the  ultrasound  under  mild  compression  [3,5,6]
nd  more  than  10  mm  on  the  CT  scan  [7—9], with  a  thick
all  measuring  more  than  3  mm  in  diameter.  This  wall
s  enhanced  on  the  CT  scan  and  de-differentiated  in  the
a
t
t
iI.  Millet  et  al.
volved  forms  on  the  ultrasound.  A  stercolith  is  visualized
ore  often  on  the  CT  scan  than  on  the  ultrasound.  The  rear-
anged  appendix  is  not  compressible  on  the  ultrasound  and
his  compression  manoeuvre  increases  pain.
xtra-appendicular  signs
he  peri-appendicular  and  peri-caecal  fat  is  inﬁltrated  and
yperechogenic  on  the  ultrasound  and  dense  on  the  CT  scan,
ometimes  with  a  localized  thickening  of  the  caecal  wall.
here  can  also  be  non-speciﬁc  peri-caecal  ganglions.
emiology of complicated appendicitis
erforation  of  the  appendix  is  encountered  in  30%  of  acute
ppendicitis  cases.  Its  diagnosis  can  have  an  impact  by
hanging  therapeutic  conduct:  ﬁrst,  possible  radiological
raining,  then  modiﬁcation  of  the  surgical  technique  with
aparotomy.  The  semiology  of  complicated  appendicitis  has
ainly  been  described  with  CT  scans  [10—13]. The  signs  that
ake  it  possible  to  diagnose  complicated  acute  appendici-
is  are  the  presence  of  extra-luminal  gas  (Fig.  2)  and  the
resence  of  an  extra-appendicular  stercolith.  These  signs
ave  very  good  positive  predictive  value  for  the  diagnosis  of
omplicated  appendicitis.  The  presence  of  an  abscess  lacks
ensitivity  for  appendicular  perforation,  while  the  visual-
zation  of  a  parietal  enhancement  defect  lacks  speciﬁcity.
here  is  often  contrast  uptake  and  localized  thickening
f  the  parietal  peritoneum  opposite  the  infectious  loca-
ion,  which  demonstrates  a  peritoneal  reaction.  The  scan
s  certainly  superior  to  ultrasound  for  the  assessment  of
omplicated  acute  appendicitis.  It  makes  it  possible  to  dis-
inguish  the  appendicular  phlegmon  with  signiﬁcant  and
oorly-limited  inﬁltration  of  the  fat  and  the  abscess,  char-
cterised  by  a hypodense  collection,  the  walls  of  which  are
nhanced.  It  also  makes  it  possible  to  individualise  an  appen-
icular  lump,  which  is  sometimes  clinically  suspected  in
 poorly-delimited  mass  of  the  right  iliac  fossa.  The  def-
nition  of  the  appendicular  lump  remains  strict:  it  is  the
dhesion  of  adjacent  viscera  (ileum,  bladder,  greater  omen-
um)  to  the  infectious  location.  The  therapeutic  impact  of
his  diagnosis  is  certain,  as  it  is  the  main,  or  even  the  only
ase  where  surgery  is  contraindicated  as  an  emergency  and
ill  be  carried  out  later  after  antibiotherapy  and  diet  con-
rol.  It  is  therefore  important  for  the  radiologist  to  use
he  words  phlegmon,  abscess  and  lump  advisedly.  The  other
omplications  of  acute  appendicitis  are  rarer.  Diffuse  bacte-
ial  peritonitis  can  sometimes  be  observed  in  children  when
he  greater  omentum  is  incompletely  developed  and  does
ot  bar  the  abdomen.  Pylephlebitis  is  a rare  and  serious
omplication  resulting  in  septic  thrombosis  of  the  upper
esenteric  vein  with,  in  typical  cases,  an  inﬁltration  of  the
at  around  the  vein  with  the  thrombosis  or  of  gas  inside  the
hrombus.
iagnostic trapsnd  CT  scan  examinations  for  the  diagnosis  of  appendici-
is,  which  are  greater  than  90%  in  most  prospective  studies,
here  are  a  certain  number  of  false  negatives  and  false  pos-
tives  in  imaging.
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Figure 1. Acute uncomplicated appendicitis on an ultrasound in longitudinal cuts (a) and axial cuts (b). There is an increase in appen-
dicular diameter, with a parietal thickening of the inﬂamed appendix and good parietal differentiation. The hyperechogenicity of the
peri-appendicular fat should be noted (arrow).
Figure 2. Acute complicated appendicitis, axial cuts (a, b) and sagittal reconstruction (c). There are two complications of the acute
appendicitis in these cuts. First, signs of appendicular perforation with the presence of air in the extra-digestive position (c, head of the
arrow), and the existence of thickening of the parietal peritoneum (a, arrow). An appendicular stercolith is well individualized (b and c,
white arrow). In addition, there is an agglutination of the small intestine loops on the abnormal appendix, bearing witness to an appendicular
lump.
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alse  negatives
he  location  of  the  appendicitis  is  not  unambiguous,  which
xplains  why  the  classic  markers  used  to  screen  for  it,  partic-
larly  in  ultrasound,  in  front  of  the  psoas  muscle  and  outside
he  iliac  vessels,  can  be  tripped  up  (Fig.  3).  In  ultrasound,
alse  negatives  are  mainly  encountered  in  obese  subjects  or
hose  with  air  distension  of  the  abdomen,  in  retro-caecal
ppendicitis,  in  plunging  pelvic  appendicitis  and  in  perfo-
ated  appendicitis  where  the  appendicular  structure  is  no
onger  recognizable.  By  contrast,  on  CT  scans,  false  neg-
tives  can  be  observed  in  thin  subjects  when  there  is  no
at  to  silhouette  the  appendix  and  when  the  pathologi-
al  appendix  is  confused  with  a  digestive  loop.  Finally,  on
ltrasounds  like  on  CT  scans,  appendicitis  located  at  the
ppendicular  point  can  be  misjudged  [14]. In  the  same
ay,  on  ultrasounds  like  on  CT  scans,  appendicitis  can
e  confused  with  small  intestine  or  colonic  inﬂammatory
iseases  if  there  is  digestive  parietal  reactive  thicken-
ng  caused  by  the  peri-appendicular  inﬂammatory  reaction
Fig.  4).
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igure 3. Retro-caecal appendicitis in axial (a) and sagittal (b) cuts. 
utside the right iliac psoas muscle.
igure 4. Appendicitis with a peri-appendicular inﬂammatory react
hickening of the sigmoid colon and a diverticulosis that should not suppI.  Millet  et  al.
The  non-visualisation  of  the  appendix  can  be  a  cause
f  false  negatives,  since  in  clinical  practice  the  non-
isualisation  of  the  appendix,  on  the  ultrasound  as  well  as
he  CT  scan,  can  lead  to  the  conclusion  that  there  is  no
ppendicitis.  It  must  be  kept  in  mind  that  in  effective  teams
ith  ultrasound  and  with  CT  scans,  the  follow-up  of  patients
ith  an  appendix  that  was  not  seen  on  the  imaging  reveals
ppendicitis  in  approximately  5%  of  cases  in  ultrasound  [3]
nd  even  more  exceptionally  on  CT  scans  [15,16].  The  nor-
al  appendix  is  more  easily  observed  with  a CT  scan  than
ith  ultrasound,  its  diameter  is  less  than  or  equal  to  6  mm
nder  compression  on  the  ultrasound,  while  it  can  mea-
ure  up  to  10  mm  on  the  CT  scan  due  to  the  absence  of
ompression.  The  light  is  most  often  ﬁlled  with  air  in  a  nor-
al  appendix,  even  if  there  is  sometimes  intra-appendicular
uid.  In  practice,  for  an  appendix  measuring  between  6  and
0  mm  in  diameter  on  the  CT  scan,  a  lack  of  parietal  abnor-
alities,  a  lack  of  inﬁltration  of  the  fat  and  the  air  content
f  the  appendix  are  good  reasons  for  ruling  out  appendicitis
14].
The abnormal appendix is located behind the caecum and clearly
ion and thickening of the meso-sigmoid root, associated with a
ort the diagnosis of sigmoid diverticulitis (a, b).
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Mesenteric  lymphadenitis  is  the  most  common  cause  of
pseudo-appendicular  syndrome  in  children.  Reasons  for
Figure 5. Acute appendicitis responsible for mechanical occlu-Infection  of  the  right  iliac  fossa  
False  positives
They  can  be  related  to  the  identiﬁcation  of  a  normal  or
abnormal  tubular  structure  (digestive  loop,  dilated  ureter,
gonadic  vein  with  thrombosis)  as  an  abnormal  appendix.
There  can  be  reactive  appendicular  thickening  during  infec-
tions  conditions  around  the  appendix,  for  example,  the
utero-annexial  location,  or  inﬂammatory  conditions,  such  as
ileo-caecal  Crohn’s  disease.
Ultrasound or CT scan
Most  studies  that  compared  ultrasound  to  CT  scans  [17—20]
for  the  diagnosis  of  appendicitis  reported  that  CT  scans  were
superior  in  terms  of  sensitivity  and  speciﬁcity.  Besides  in
children  for  whom,  particularly  in  France,  ultrasound  is  the
examination  that  is  carried  out  ﬁrst,  and  in  women  of  child-
bearing  potential,  there  is  a  tendency  to  widely  develop  CT
scans  in  this  indication.  However,  taking  into  account  the
imperious  necessity  of  controlling  the  dose  of  medical  radi-
ation,  particularly  in  young  subjects,  it  seems  judicious  to  us
to  carry  out  ultrasound  as  the  ﬁrst-line  examination,  espe-
cially  when  the  clinical  picture  is  more  localised.  CT  scans
should  be  performed  if  there  is  a  discrepancy  between  the
clinical  picture  and  the  ultrasound,  or  right  away  in  subjects
with  a  peritoneal  picture,  in  elderly  subjects  in  whom  appen-
dicitis,  even  complicated  appendicitis,  can  be  only  mildly
symptomatic,  or  in  subjects  with  diffuse  pain  for  whom  a
CT  scan  would  be  more  apt  to  rule  out  the  diagnosis  of
appendicitis  and  to  conﬁrm  an  alternative  diagnosis.
The impact of imaging on the course of
treatment
The  diagnosis  of  appendicitis  supported  only  by  clinical  and
laboratory  data  is  sometimes  difﬁcult,  as  normal  laboratory
test  results  do  not  make  it  possible  to  rule  out  appendicitis.
Referring  only  to  clinical  and  laboratory  test  data  will  lead
to  two  major  problems:  the  ﬁrst,  which  was  the  French  atti-
tude  for  a  long  time,  is  to  perform  too  many  ‘‘prophylactic’’
appendectomies,  with  a  rate  of  15%  of  healthy  appendices
removed,  reaching  up  to  40%  in  women  of  childbearing
potential,  with  a  risk  of  attachment  and  adherences  in  the
long  term.  Even  if  this  attitude  has  recently  changed  with  a
rate  of  appendectomies  that  has  decreased  by  35%  between
1999  and  2009,  France  is  still  the  third  country  in  Europe  in
terms  of  the  annual  incidence  of  appendectomy,  with  wide
disparities  depending  on  the  regions  [21]. The  second  prob-
lem,  which  is  more  developed  in  Anglo-Saxon  countries,  is
prolonged  monitoring  with  acute  appendicitis  operated  on
during  the  perforation  stage.  Imaging  makes  it  possible  to
clearly  avoid  these  two  problems  and  its  use  should  be  spec-
iﬁed  by  the  French  National  Authority  for  Health,  whose
report  on  decision  making  data  with  imaging  as  the  ﬁrst
piece  of  information  is  to  be  published  in  September  2012.
The  indication  of  imaging  appears  even  more  obvious  to  us  as
pain  goes  along  with  a  septic  syndrome  that  could  orient  the
physician  towards  complicated  appendicitis.  Medical  imag-
ing  makes  it  possible  to  precisely  assess  the  complications  of
appendicitis,  which  has  an  impact  on  treatment  and  which
the  clinical  examination  cannot  do,  as  there  is  no  paral-
lelism  between  the  intensity  of  the  anatomic  lesions  and  the
s
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linical  seriousness.  It  is  therefore  possible  to  discover  highly
volved  pre-perforative  lesions  during  the  procedure,  even
hough  the  clinical  symptoms  were  not  very  intense  [22].
n  addition,  in  one  of  three  patients  with  a  clinical  picture
hat  is  compatible  with  appendicitis,  the  imaging  makes  it
ossible  to  diagnose  an  extra-appendicular  lesion.  Finally,  in
ddition  to  making  it  possible  to  diagnose  appendicitis,  the
maging  can  have  an  impact  on  the  procedure  that  is  carried
ut  (coelioscopy  or  laparotomy,  location  of  the  approach),
or  which  it  is  useful  to  specify  whether  it  is  appendicitis,
omplicated  or  not,  to  differentiate  the  phlegmon,  abscess
nd  plastron,  to  identify  a  mechanical  occlusion  of  the  small
ntestine  by  agglutination  of  the  loops  on  the  source  of  the
nfection  or  by  small  intestine  extrinsic  parietal  reaction
Fig.  5),  and  ﬁnally,  to  know  the  location  of  the  appendix
nd  especially  its  caecal  implantation  base,  particularly  to
uide  the  coelioscopy  oriﬁce.
on appendicular diseases
he  differential  diagnoses  of  acute  appendicitis  in  a painful
eptic  clinical  picture  of  the  right  iliac  fossa  are  numerous.
e  have  chosen  to  only  discuss  the  most  common  in  relation
ith  mesenteric  or  digestive  tract  diseases.  Most  of  these
on  appendicular  diseases  are  recognized  on  CT  scans  which,
n  clinical  practice,  remain  the  most  effective  diagnostic
ethod  in  the  evaluation  of  an  acute  abdominal  syndrome
23].
esenteric lymphadenitision of the small intestine by ileal extrinsic parietal reaction. The
bnormal appendix is clearly seen in the coronal cut, with an ileal
eactive parietal thickening causing a mechanical occlusion of the
mall intestine that was removed following the appendectomy.
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uggesting  this  diagnosis  are  as  follows:  recent  history  of
hino-pharyngitis,  fever  higher  than  39 ◦C  (too  high  for
ncomplicated  appendicitis)  and  pain  in  the  right  iliac  fossa,
ut  with  no  real  justiﬁcation.  The  diagnosis  is  based  on
he  ultrasound,  which  rules  out  acute  appendicitis  and
emonstrates  adenopathy.  However,  the  presence  of  mesen-
eric  ganglions  does  not  make  it  possible  to  establish  the
iagnosis  of  mesenteric  lymphadenitis.  More  than  three  gan-
lions,  their  small  diameter  of  greater  than  5  mm  and  often
eaching  10  mm  (Fig.  6)  and  the  absence  of  a  surrounding
nﬂammatory  or  infectious  condition  such  as  appendicitis,
iverticulitis  or  Crohn’s  disease  make  it  possible  to  conﬁrm
he  diagnosis  of  primary  mesenteric  lymphadenitis  [24,25].
rohn’s disease
rohn’s  disease  has  a  peak  of  discovery  between  15  and  30
ears  of  age.  It  is  typically  revealed  in  one  out  of  three
atients  due  to  an  appendicular  clinical  picture,  and  its  diag-
osis  is  often  still  established  upon  appendectomy  or  due  to
omplications  after  an  appendectomy.  The  diagnosis  must
e  suggested  in  imaging  when  confronted  with  a  symmetri-
al  circumferential  thickening  of  the  terminal  ileum  and/or
he  right  colon  (Fig.  7),  sometimes  associated  with  images  of
ransmural  ulceration  that  is  better  seen  on  the  ultrasound.
at  is  often  the  location  of  a  sclerolipomatous  reaction,  with
igure 6. Mesenteric lymphadenitis. Presence of multiple, round
r oval, hypoechogenic mesenteric ganglions.
igure 7. Crohn’s disease. Clearly differentiated thickening of
he colonic wall, predominant on the mucous-submucous complex,
ssociated with sclerolipomatosis and adenomegaly.
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n  appearance  of  hypertrophy  of  the  mesenteric  fat.  The
ltrasound  evaluates  gastrointestinal  parietal  damage  well,
ith  inconstant  loss  of  parietal  differentiation.  The  main-
enance  of  parietal  differentiation  with  an  oedema  of  the
uscle  mass  is  more  of  a  sign  of  an  active  disease,  while
 de-differentiated  wall  or  intraparietal  fat  would  corre-
pond  to  a  chronic  disease  [26]. The  scan  clearly  shows
he  sclerolipomatosis,  with  the  comb  tooth-like  appearance
f  the  right  mesenteric  vessels  related  to  the  ‘‘vascular
ejunisation’’  of  the  ileum.  In  more  evolved  forms,  there
s  an  abscess,  a  phlegmon  or  ﬁstulae,  particularly  entero-
nteric.  Damage  to  the  right  colon  is  classic,  and  damage
o  the  appendix  is  possible,  which  can  make  the  differen-
ial  diagnosis  with  appendicitis  difﬁcult.  Even  if  the  scan  is
he  examination  that  is  the  most  effective  in  the  diagnosis
f  Crohn’s  disease,  and  especially  in  the  assessment  of  all
he  complications,  ultrasound  and  now  entero-MRI  have  an
mportant  role  in  this  extension  assessment,  but  especially
n  the  monitoring  of  Crohn’s  disease,  in  order  to  reduce  the
ose  of  radiation  in  young  patients.
nfectious enterocolitis
nfectious  enterocolitis  is  a  classic  condition  that  causes  a
eptic  clinical  picture,  sometimes  with  less  intense  pain,  and
iarrhoea  that  is  reminiscent  of  a  clinical  picture  of  viral
astroenteritis.  Ileo-caecal  damage  should  be  suggestive  of
ersiniosis,  campylobacter  jejuni  and  salmonella  [27]. Many
ases  do  not  require  imaging  due  to  the  rapid  and  favourable
ourse  of  the  signs  and  symptoms,  with  an  episode  of  infec-
ious  diarrhoea  that  resolves  spontaneously.  If  imaging  is
erformed,  it  shows  ileal  and  caecal  circumferential  thick-
ning  [8]  that  is  more  or  less  associated  with  adenomegaly
nd  inﬁltration  of  the  peri-digestive  fat  (Fig.  8).
eutropoenic colitis
eutropoenic  colitis  occurs  in  patients  receiving  chemother-
py  for  neoplasia,  often  acute  leukaemia.  It  manifests  via
ain  in  the  right  iliac  fossa,  fever,  diarrhoea  and  sometimes
 peritoneal  clinical  picture.  The  damage  is  generally  cae-
al,  even  if  the  rest  of  the  right  colon  and  terminal  ileum  can
lso  be  affected.  The  scan  performed  as  ﬁrst  line  imaging
n  a  septic  patient  receiving  chemotherapy  shows  a  thick-
ning  of  the  caecal  walls  with  marked  inﬁltration  of  the
eri-caecal  fat,  and  in  evolved  forms,  pneumatosis  (Fig.  9),
r  even  signs  of  digestive  perforation.  A  symmetrical  thick-
ning  of  the  caecal  walls  in  an  immunosuppressed  patient
hould  ﬁrst  be  suggestive  of  the  diagnosis  of  neutropoenic
olitis  [23,28].
olonic diverticulitis
olonic  diverticulitis  is  a  common  disease.  It  can  cause  a
ainful  clinical  picture  of  the  right  iliac  fossa  via  two  mech-
nisms.  The  ﬁrst  is  that  of  a sigmoid  loop  located  in  the  right
liac  fossa,  with  a  classic  clinical  picture  of  sigmoid  diver-
iculitis.  The  second  is  that  of  caecal  diverticulitis.  In  both
ases,  a  thickening  of  the  colonic  wall,  diverticula  and  inﬁl-
ration  of  the  peri-colonic  fat  can  be  observed.  It  should  be
oted  that  in  diverticula  of  the  right  colon  [29], one  sin-
le  inﬂammatory  diverticulum  is  often  found  with  a  thick
Infection  of  the  right  iliac  fossa  447
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EFigure 8. Axial cut (a) and coronal reconstruction (b). Infectious c
Inﬁltration of the peri-caecal fat is moderate and damage is limited
wall  that  is  classically  centred  by  a  stercolith  (Fig.  10).  The
scan  is  thus  of  great  interest  in  clearly  demonstrating  the
intra-diverticular  location  and  not  the  intra-appendicular
location  of  the  stercolith,  conﬁrming  diverticulitis,  and  in
individualizing  a  normal  appendix.
Meckel’s diverticulum and ileal diverticulaThese  are  relatively  rare  locations  for  diverticula,  the  pre-
sentation  of  which  is  often  that  of  a  pseudo-appendicular
clinical  picture.  The  acquired  ileal  diverticula  [30]  are
most  often  located  on  the  mesenteric  boundary  of  the
E
n
i
Figure 9. Axial cut (a) and coronal reconstruction (b). Neutropoenic 
walls with caecal pneumatosis and peri-caecal effusion. It should also b
to the level of the right colonic angle.is caused by salmonella with marked thickening of the caecal wall.
he caecum.
erminal  ileum,  while  Meckel’s  diverticulum  is  located  on
he  anti-mesenteric  boundary,  at  approximately  one  meter
rom  Bauhin’s  valve.  The  scan,  in  Meckel’s  diverticulum  [31],
hows  a  blind  formation  of  variable  size  that  links  into  the
astrointestinal  tract  and  has  a  thickened,  enhanced  wall
ith  inﬁltration  of  the  peri-diverticular  fat.
piploic appendagitispiploic  appendicitis  is  a  common  and  now  well  recog-
ized  cause  of  pain  in  the  right  iliac  fossa  (like  in  the  left
liac  fossa),  with  a  clinical  picture  of  highly  localized  pain.
colitis in an immunosuppressed patient. Thickening of the caecal
e noted that there is no enhancement of the right colonic wall up
448  I.  Millet  et  al.
Figure 10. Axial cuts (a, b) and coronal reconstruction (c). Diverticulitis of the right colon located in the right colonic angle, with a
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lolonic diverticulum ﬁlled with a voluminous stercolith and a very m
he appendix on the lowest axial cut should be noted (b).
owever,  the  septic  syndrome  is  often  absent.  When  this
iagnosis  is  kept  in  mind,  ultrasound  imaging,  like  the  CT
cans,  easily  detect  the  presence  of  an  oval-shaped  mass
ith  a  fatty  density  appended  to  the  colon,  of  variable  size,
urrounded  by  a  dense  ring  with  inﬁltration  of  the  fat  and
ypically  a  localized  thickening  of  the  parietal  peritoneum
ausing  the  severe  localized  pain.
schaemic colitis
schaemic  colitis  is  often  accompanied  by  fever.  Even  if  left
amage  is  classic,  a  certain  epidemiological  context  pro-
otes  right  ischaemic  colitis  [32]: elderly  subjects  and  renal
nsufﬁciency.  The  CT  scan  shows  a  right  colonic  circumfer-
ntial  thickening,  associated  or  not  with  inﬁltration  of  the
eri-digestive  fat  and  present  in  the  ‘‘wet’’  forms  but  absent
n  the  dry  forms.  In  approximately  10%  of  cases,  parietal
neumatosis  is  also  present.  The  diagnosis  is  suggested  by  a
linical  context  of  an  elderly  subject  at  cardiovascular  risk
i
e
o
od inﬁltration of the fat around the diverticulum. The normality of
ith  abdominal  pain  sometimes  to  the  right,  accompanied
y  lower  digestive  bleeding.
alignant tumours
 certain  number  of  tumours  of  the  ileo-caecal  region  can
eveal  themselves  due  to  right  iliac  fossa  pain,  a  palpable
ass  and  a  septic  syndrome,  particularly  in  elderly  subjects.
f  these  tumours,  adenocarcinoma  of  the  caecum  is  domi-
ant,  which,  in  elderly  subjects,  can  remain  symptom-free
or  a  long  time  and  then  reveal  themselves  in  a  clinical
icture  of  over-infection  or  perforation  [33]. The  CT  scan
n  this  type  of  elderly  patient  must  be  performed  as  ﬁrst
ine  imaging  and  shows  a  caecal  circumferential  mass  that
s  often  asymmetrical,  short,  with  signiﬁcant  parietal  thick-
ning,  greater  than  10  mm  (Fig.  11),  marked  inﬂammation
f  the  peri-caecal  fat,  localized  pneumoperitoneum  in  case
f  tumoural  perforation  and  often  peri-caecal  adenomegaly.
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Figure 11. Axial cut (a) and coronal reconstruction (b). Caecal adenocarcinoma revealed by a pseudo-appendicular clinical picture:
market thickening, short and asymmetrical, of the wall of the caecum.
a
S
d
f
i
o
c
i
t
N
s
e
a
t
o
t
p
C
R
c
d
i
p
f
c
e
n
s
fDiagnostic strategy when confronted with
a  septic syndrome of the right iliac fossa
The  diagnostic  strategy  when  faced  with  a  septic  syndrome
of  the  right  iliac  fossa  is  based  on  imaging  with  the  ultra-
sound  and  CT  scan.  The  combination  of  pain  and  a  septic
syndrome  make  imaging  necessary  and  urgent.  The  choice
between  the  ultrasound  and  the  CT  scan  depends  on  a
certain  number  of  factors:  age  and  sex,  epidemiological
context,  clinical  signs  and  symptoms  and  the  degree  of
expertise  of  the  radiologist  caring  for  the  patient.  The  age
and  sex  of  the  patient  with  this  clinical  symptomatology  is
an  essential  factor  for  two  reasons:  ﬁrst,  the  ultrasound
should  be  very  clearly  preferred  in  children  and  in  preg-
nant  women  due  to  their  sensitivity  to  exposure  to  X-rays.
Second,  the  incidence  of  the  different  diagnoses  depends
on  the  age  of  the  patient.  Therefore,  in  adolescents  and
young  subjects,  appendicitis  is  the  main  cause  of  pain  of
the  right  iliac  fossa,  requiring  surgery,  and  mesenteric  lym-
phadenitis,  which  is  very  common  in  children,  is  the  ﬁrst
differential  diagnosis.  On  the  other  hand,  in  subjects  over
75  years  of  age,  appendicitis  accounts  for  only  4%  of  abdom-
inal  pain  and  sigmoid  diverticulitis  with  a  dolichocolon  and
a  sigmoid  loop  in  the  right  iliac  fossa  or  caecal  tumours
are  encountered  much  more  frequently.  The  epidemiolog-
ical  context  is  obviously  useful  for  orienting  the  physician
towards  these  diagnoses:  a  context  of  immunosuppression,
for  example,  would  suggest  screening  for  neutropoenic  col-
itis  or  infectious  enterocolitis,  a  history  of  the  same  kind  of
episodes  would  suggest  Crohn’s  disease,  a  history  of  appen-
dectomy  would  obviously  make  the  diagnosis  of  appendicitis
very  improbable,  even  if  damage  to  the  appendicular  stump
remains  theoretically  possible.  The  evolved  character  of
the  clinical  picture  and/or  very  diffuse  character  would
encourage  the  performance  of  the  CT  scan  as  ﬁrst  line
imaging,  which  is  more  effective  for  the  assessment  of
complications  of  appendicitis  (phlegmon,  abscess,  lump)
i
o
m
end to  conﬁrm  in  certain  number  of  differential  diagnoses.
imilarly,  if  there  is  a  peritoneal  syndrome  or  occlusive  syn-
rome  accompanying  the  septic  syndrome  of  the  right  iliac
ossa,  a  CT  scan  must  be  carried  out  as  ﬁrst  line  imag-
ng.
Finally,  in  practice,  the  more  speciﬁc  skills  of  the  radiol-
gist  caring  for  the  patient  are  an  aspect  to  be  taken  into
onsideration.  The  operator-dependence  of  the  ultrasound
s  without  a  doubt  a  clichéd  notion,  as  the  clinical  orien-
ation,  CT  scan,  and  surgery  are  also  operator-dependent.
evertheless,  learning  to  perform  a  CT  scan  in  the  diagno-
is  of  right  iliac  fossa  pain  in  particular  and  in  abdominal
mergencies  in  general  is  easier  than  learning  to  perform
n  ultrasound,  and,  in  addition,  the  CT  scan  has  the  advan-
age  of  being  able  to  be  re-read.  This  is  also  certainly  one
f  the  practical  reasons  why  the  ultrasound  is  used  less  than
he  CT  scan  in  abdominal  emergencies  in  general  and  more
articularly  in  right  iliac  fossa  pain.
onclusion
ight  iliac  fossa  pain  in  a  septic  clinical  picture  is  a  very
ommon  clinical  situation.  Unlike  isolated  pain,  a  precise
iagnosis  must  be  established  as  often  as  possible  and  imag-
ng  has  very  broad  indications.  If  appendicitis  is  suspected,
articularly  in  a young  subject,  an  ultrasound  should  be  per-
ormed  as  ﬁrst  line  imaging.  It  is  most  often  sufﬁcient  to
onﬁrm  or  rule  out  appendicitis.  When  confronted  with  an
volved  clinical  picture,  or  when  there  are  signs  of  serious-
ess  from  the  start  (immunosuppressed  patient,  peritoneal
yndrome,  major  septic  syndrome),  a  CT  scan  must  be  per-
ormed  as  ﬁrst  line  imaging,  and  especially  if  the  subject
s  elderly.  These  two  examinations  must  not  oppose  each
ther,  but  rather  complete  each  other,  as  the  CT  scan
akes  it  possible  to  better  assess  a  gastrointestinal  dis-
ase  and  to  be  free  of  zones  that  cannot  be  visualized
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n  the  ultrasound,  but  an  ultrasound  as  second  line  imag-
ng  also  has  certain  interest  for  better  studying  and  better
haracterizing  parietal  thickening,  particularly  in  a thin
ubject  who  has  little  fat,  and  to  evaluate  parietal  differ-
ntiation.  For  20  years  now,  these  two  examinations  have
ompletely  changed  the  treatment  of  right  iliac  fossa  pain
n  general,  and  appendicitis  in  particular,  for  the  treat-
ent  of  which  a  plain  survey  of  the  abdomen  is  no  longer
seful.
TAKE-HOME  MESSAGES
• Ultrasound  is  most  often  sufﬁcient  for  the  diagnosis
of  appendicitis  in  a  young  subject.
• A  diagnosis  of  appendicitis  is  not  sufﬁcient.  It  must
be  speciﬁed  whether  the  appendicitis  is  complicated
or  not.
• An  appendicular  phlegmon,  abscess  and  lump  have
speciﬁc  deﬁnitions.  These  terms  must  be  used
correctly.
• When  confronted  with  a  thickening  of  the  ileal
and  appendicular  walls,  Crohn’s  disease  with  an
appendicular  location  must  be  suggested.
• The  observation  of  mesenteric  ganglions  is  not
sufﬁcient  for  establishing  a  diagnosis  of  mesenteric
lymphadenitis.  The  ganglions  must  be  numerous,
small  with  a  diameter  greater  than  5 mm  and  there
must  not  be  any  surrounding  digestive  damage  in
order  to  establish  this  diagnosis.
• A  septic  clinical  picture  of  the  right  iliac  fossa  in
an  elderly  subject  is  most  often  related  to  colonic
damage:  sigmoid  diverticulitis  with  sigmoid  loop  in
the  right  iliac  fossa,  ischaemic  colitis  or  caecal
cancer.
linical case
his  75-year-old  patient  has  right  iliac  fossa  pain  associated
◦ith  a  38 C  fever  and  an  inﬂammatory  syndrome  as  shown
y  laboratory  test  results.  This  patient  is  receiving  antico-
gulants  and  has  a  history  of  appendectomy.  A  CT  scan  was
erformed  urgently  (Fig.  12).I.  Millet  et  al.
uestions
.  Describe  the  abnormalities  in  Fig.  12  a and  b.
2.  Describe  the  abnormalities  in  Fig.  12  c  and  d.
3.  What  is  your  diagnosis?
nswers
.  Cuts  a  and  b  carried  out  during  the  arterial  phase  in  the
stium  of  the  inferior  mesenteric  artery  show,  in  ﬁgure  a,
ormal  opaciﬁcation  of  the  ileo-caeco-appendicular  artery,
hich  is  not  opaciﬁed  in  ﬁgure  b,  making  it  possible  to  con-
rm  the  obstruction  of  the  artery.
2.  Figures  c  and  d  show  a  parietal  thickening  of  the  ileal
oop,  not  enhanced  in  the  portal  phase  and  less  enhanced
han  the  adjacent  small  intestine  loops  during  the  late
hase.
3.  The  diagnosis  is  that  of  ischaemic  ileitis  with  an
mbolism  located  in  the  ileo-caeco-appendicular  artery.  The
atient  was  operated  on  urgently  with  a  resection  of  the
mall  intestine  conﬁrming  this  diagnosis.
This  case  is  interesting  for  four  reasons:
to  illustrate  the  insufﬁciency  of  the  clinical  information
in  patients  seen  in  an  emergency  service.  If  the  patient
was  receiving  anticoagulants,  it  is  because  he  was  suf-
fering  from  cardiac  arrhythmia  due  to  atrial  ﬁbrillation.
These  data  were  not  mentioned  in  the  request  for  medi-
cal  imaging,  in  which  it  was  simply  mentioned  that  he  was
receiving  anticoagulants.  The  patient  interview  before
the  CT  scan  was  performed  with  the  on-call  radiologist
brought  up  this  cardiac  arrhythmia,  which  was  known  to
the  patient,  which  justiﬁed  a  useful  arterial  phase  to
demonstrate  the  embolism  in  the  ileo-caeco-appendicular
artery;
to  show  these  images  of  peripheral  embolism  that  is  easy
to  diagnose  if  screened  for;
to  show  signs  of  ischaemic  ileitis  with  a gastrointestinal
parietal  thickening,  but  especially  a  lack  or  enhancement
or  moderate  and  late  enhancement;
ﬁnally,  to  insist  on  the  fact  that  digestive  ischemia  can
have  a  varied  presentation,  be  accompanied  by  fever
and  an  inﬂammatory  syndrome,  and  that  if  the  physician
expects  a  very  evolved  clinical  picture  of  peritonitis  or
collapsus  to  look  into  this  diagnosis,  it  is  often  too  late,
and  the  extensive  digestive  ischemia  does  allow  for  a
small  intestine  resection.
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[Figure 12. Two cuts joining at the low abdominal level during th
phase (c); cut at the same level during the late phase (d).
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